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SYSTEM AND METHOD FOR WIRELESS 
NETWORK CONGESTION CONTROL 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to control 
ling network congestion, and particularly relates to control 
ling user congestion in wireless communication networks. 

[0002] Evolving wireless networks, such as those based on 
the cdma2000 or Wideband (WCDMA) standards, offer a 
miX of voice and data services. Of particular bene?t to data 
users, such networks may offer relatively high-speed packet 
data channels that are time-shared among multiple data 
users. In this case, a packet data channel is divided into time 
slots and data frames are “scheduled” for transmission on 
the time-shared channel. Thus, the channel supports a plu 
rality of “data connections” by time multiplexing transmis 
sions for each of the connections onto the shared data 
channel. The scheduling of transmissions for each connec 
tion on the shared channel is governed by one or more 
service constraints. 

[0003] For eXample, each connection (i.e., “user”) may be 
scheduled according to a “throughput” optimiZation 
approach, in which the network operator maximizes revenue 
by scheduling users best able to receive data transmissions 
at the highest rates. However, such an approach may leave 
users in poorer radio conditions chronically under-served, 
nor does such an approach guarantee that the network will 
satisfy one or more Quality-of-Service (QoS) constraints 
that normally are associated with the data connections 
sharing the channel. That is, many of the evolving data 
applications supported by the higher data rate shared chan 
nels require de?ned QoS levels such as a minimum data rate 
and/or maXimum packet jitter. 

[0004] Thus, if users are served in accordance with their 
associated QoS constraints, they must be scheduled for 
service in consideration of those constraints. Newer net 
works might thus incorporate QoS-based user scheduling on 
the shared packet data channels such that the QoS con 
straints for each user are met on an ongoing basis, at least 
within the limits of network capacity and prevailing radio 
conditions. In furtherance of such QoS-based scheduling, 
the network must also consider the impact of new user 
admissions as regards its ongoing ability to meet the various 
QoS constraints and its current users. 

[0005] However, even with QoS-based scheduling and 
admission control, the potential for network “overloading” 
eXists because of the dynamic resource demands of both 
voice and data users and the stochastic nature of the band 
width available to each user due to natural ?uctuations in the 
radio conditions of each user (e.g., fading, interference, 
noise, etc.). Although such congestion is in some ways 
reminiscent of packet data overload in wireline IP networks, 
differences between wireless communication networks and 
traditional IP router networks make known congestion con 
trol techniques inappropriate for the wireless world. 

[0006] In a traditional IP router, IP data packets are 
transferred to and from various other nodes (routers, 
switches, etc.) in the network according to packet addressing 
information. The router maintains a buffer or queue for 
holding the transient packet data as it performs its ongoing 
routing operations. During congestion, the router’s buffer 
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“over?ows,” and packet data for one or more connections is 
lost. The transport protocols managing those connections 
having lost data typically impose some form of “?ow 
control” whereby data rates are reduced responsive to eXcess 
lost data, resulting in relatively “bursty,” inefficient data 
transfer on the affected connections. Indeed, the widely used 
Transport Control Protocol (TCP) not only reduces connec 
tion data rate in response to lost packets, it further employs 
a “slow start” mechanism that limits a connection’s data rate 
for some time even after congestion is relieved, even if the 
prevailing conditions associated with that connection would 
support an immediate return to the pre-congestion data rate. 

[0007] With the above behavior, even momentary conges 
tion among a substantial number of connections can lead to 
a “congestion collapse,” where the transport protocols of the 
affected connections enforce a prolonged and possibly sig 
ni?cant reduction in connection data rate responsive to 
detected packet loss. That is, if ?ow control is triggered 
across a siZeable number of connections, the aggregate data 
throughput of the network is temporarily reduced to a level 
well below what it can actually support, leading to inef?cient 
utiliZation of network capacity. 

[0008] Algorithms directed to alleviating such problems in 
traditional routing networks are generically referred to as 
“Adaptive Queue Management” (AQM) algorithms. One 
species of such algorithms is referred to as “Rapid Early 
Discard” (RED), and is based on randomly discarding data 
packets when router buffer “occupancy” reaches a de?ned 
threshold. The random discarding of packets causes a rela 
tively small subset of the total TCP connections supported 
by the router to reduce their congestion windows, which 
results in a reduction of the router’s traffic load and hope 
fully avoids congestion collapse. 

[0009] While such approaches yield congestion control 
bene?ts in traditional routing systems, they do not comple 
ment the structure and operation of packet routing opera 
tions within the conteXt of wireless communication net 
works. For eXample, wireless networks commonly employ 
some type of Radio Link Protocol (RLP) that provides the 
network with a radio link layer frame error recovery mecha 
nism. RLP provides for data retransmissions on the inher 
ently unreliable wireless links connecting the network to the 
remote mobile stations. RLP as implemented in cdma2000 
and WCDMA networks is an “ARQ” based protocol that 
uses a timeout/NACK approach to recogniZing when trans 
mitted data was or was not properly received. 

[0010] As IP packets typically span several RLP “frames,” 
the loss of even one RLP frame causes an IP packet loss for 
the affected data connection. Thus, any overload control 
scheme that involves packet/frame discarding should incor 
porate knowledge of the IP packet/RLP frame relationship 
for ef?cient overload control operation. 

[0011] Further, the ideal approach to overload control 
within wireless networks would consider the scheduling 
objectives and connection characteristics of the wireless 
network users subjected to overload control. By incorporat 
ing such considerations into overload control, a wireless 
network could avoid congestion collapse, while simulta 
neously observing ongoing scheduling or service priorities 
to the greatest eXtent possible. 
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SUMMARY OF THE INVENTION 

[0012] The present invention comprises a method and 
apparatus to control congestion (e.g., overloading, over-use, 
etc.) of a shared netWork resource that supports a plurality 
of data connections by “under-serving” selected ones of 
those data connections responsive to detecting congestion. 
In general terms, under-serving the selected data connec 
tions reduces congestion by increasing the utiliZation effi 
ciency of the shared resource. For example, in an exemplary 
embodiment, the under-served data connections are those 
connections associated With poor radio conditions relative to 
the other data connections. Users in poor radio conditions 
are “inef?cient” in that they take too long to serve, i.e., they 
cannot be served at high data rates, or they consume too 
much of a shared transmit poWer resource, i.e., the transmit 
poWer required to achieve acceptable received quality is 
disproportionately high for such users. 

[0013] Thus, Where the shared resource is a time-shared 
packet data channel, under-serving the selected data con 
nections comprises temporarily biasing service on the shared 
channel toWard those users in better radio conditions, 
thereby increasing the “capacity” of the channel by avoiding 
service to users that can receive data only at loWer, inef? 
cient data rates. Similarly, Where the shared resource is a 
total available transmit poWer, under-serving the selected 
data connections comprises reducing total allocated poWer 
by intentionally allocating less poWer than is requested for 
the under-served connections, Which correspond to the users 
experiencing relatively poor radio conditions. 

[0014] In at least some embodiments, the data connections 
subject to the inventive congestion control are “?oW-con 
trolled” data connections. For example, the data connections 
may operate under higher-layer flow control protocols such 
as the Transport Control Protocol (TCP). Such ?oW-control 
protocols generally include a data reduction mechanism that 
is triggered by excess data loss on the controlled data 
connection. Therefore, under-serving the selected connec 
tions is tantamount to intentionally triggering such data 
reductions by causing transmit data buffering over?oW, With 
resultant data losses, on the selected data connections. 
Imposition of data rate reductions by the flow control 
mechanisms on the under-served connections further 
reduces congestion. 

[0015] The inherent behavior of data connection flow 
controls thus may be exploited by the inventive congestion 
controller to enhance its congestion reduction operations. 
Moreover, by precipitating (triggering) such data reductions 
on the selected connections, the congestion controller avoids 
the so-called “congestion collapse” that might otherWise 
occur if congestion-related data loss began occurring across 
a Wider set of the data connections. 

[0016] In one exemplary embodiment, a congestion con 
troller manages congestion of a shared packet data channel 
used to transmit data in time-multiplexed fashion to a 
plurality of users having data connections supported by the 
shared channel. In this context, the congestion controller 
monitors transmit data buffer occupancy levels for each data 
connection, and interprets a rise in such levels as an indi 
cator of impending channel congestion. If occupancy rises 
above a minimum threshold, the congestion controller modi 
?es the operation of a service scheduler managing the 
time-scheduled transmissions of data on the shared channel 
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by biasing operation of the scheduler such that data con 
nections having loW average served data rates are disfa 
vored. 

[0017] Thus, the “selection” process is a form of implicit 
selection rather than explicit selection as the service sched 
uler is modi?ed to disfavor those data connections that 
cannot be served at the higher rates, i.e., those connections 
associated With users in relatively poor radio conditions. The 
extent to Which the service scheduler’s bias is temporarily 
shifted toWard maximiZing data throughput by serving the 
higher rate data connections may be made proportional to 
the detected levels of congestion. For example, the service 
scheduler may be Wholly dedicated to meeting Quality-of 
Service (QoS) constraints on all data connections if conges 
tion is beloW the minimum threshold, and then be propor 
tionately shifted toWard maximum throughput scheduling as 
congestion level approaches a maximum threshold. Above 
the maximum congestion threshold, the scheduler may be 
made to operate Wholly as a maximum throughput sched 
uler. Of course, the present invention permits other 
approaches to changing scheduling bias. 

[0018] In another exemplary embodiment, a congestion 
controller manages congestion (overload) of shared transmit 
poWer at a radio base station or other transmitter entity 
Within a Wireless communication netWork. In this case, the 
total available transmit poWer is shared among the data 
connections Where each data connection is supported by a 
transmit signal, e. g., a dedicated forWard link channel signal, 
that consumes an allocated portion of the total available 
transmit poWer. Here, a remote receiver, such as a mobile 
handset, requests a transmit poWer level that results in it 
receiving the corresponding transmit at a sufficient signal 
quality. Thus, the transmit signals targeted to receivers With 
poor radio conditions, e.g., fading, interference, distance, 
etc., are “inef?cient” in that they require disproportionate 
allocations of the total available transmit poWer. 

[0019] Thus, in response to detecting overuse of the 
shared transmit poWer resource, the congestion controller 
under-serves selected ones of the data connections by inten 
tionally allocating less than the requested transmit poWer to 
those connections. In under-allocating transmit poWer to the 
selected data connections, the congestion controller reduces 
the aggregate transmit poWer allocated at the base station, 
thereby reducing overload of the shared transmit poWer. 
Further, under-allocating poWer to the selected connections 
increases the likelihood of transmit buffer over?oWs and 
resultant data losses on the selected connections. Thus, if 
those connections are subject to flow control at the higher 
protocol layers, the reduction in loading is enhanced When 
?oW-control imposed data reductions are imposed on the 
selected connections responsive to the loss of data arising 
from buffer over?oW. 

[0020] In embodiments directed to controlling congestion 
relative to shared transmit poWer, such congestion or over 
loading may be detected in a number of Ways, such as by 
monitoring allocated or reserve poWer at the base station, or 
by monitoring transmit buffer occupancy levels for the data 
connections. Buffer occupancy serves as a “proxy” for 
transmit poWer loading in that high levels of buffer occu 
pancy for the data connections implies a higher incidence of 
data retransmissions due to poor reception conditions. Thus, 
the congestion controller can roughly infer the level of 
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power allocated at the base station based on its observation 
of the buffer occupancy rates and therefore base its conges 
tion control on those occupancy rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a diagram of an exemplary Wireless 
communication netWork. 

[0022] FIG. 2 is a diagram of an exemplary base station 
controller and associated radio base station. 

[0023] FIG. 3 is a diagram of exemplary “utility func 
tions” for packet data channel scheduling operations based 
on user class QoS constraints. 

[0024] FIG. 4 is a diagram of exemplary ?oW logic 
supporting congestion management of a shared packet data 
channel in accordance With the present invention. 

[0025] FIG. 5 is a diagram of an exemplary base station 
controller and associated radio base station. 

[0026] FIG. 6 is a diagram of exemplary ?oW logic 
supporting congestion management of a shared transmit 
poWer resource in accordance With the present invention. 

[0027] FIG. 7 is a diagram of alternate exemplary ?oW 
logic supporting congestion management of a shared trans 
mit poWer resource in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] FIG. 1 illustrates an exemplary Wireless commu 
nication netWork 10, Which may be implemented, for 
example, in accordance With cdma2000 standards. Those 
skilled in the art Will appreciate that netWork 10 may be 
implemented according to a Wide range of other netWork 
standards, including IS-95, WCDMA, GSM/GPRS, and that 
other netWork implementations might use different architec 
tures and different nomenclature for the various netWork 
entities. 

[0029] NetWork 10 communicatively couples a plurality 
of mobile stations 12 to various external netWorks, such as 
Public Data NetWorks (PDNs) 14, e.g., the Internet, and the 
Public SWitched Telephone NetWork (PSTN) 16. A Radio 
Access NetWork (RAN) 18 provides the interface betWeen 
the mobile stations 12 and a Packet SWitched Core NetWork 
(PSCN) 20, and to a Circuit SWitched Core NetWork 
(CSCN) 22. 
[0030] In an exemplary embodiment, PSCN 20 includes a 
Packet Data Serving Node (PDSN) 24 and a Home Agent 
(HA) 26, and is coupled to PDN 14 through a managed IP 
netWork 28 and a gateWay router 30. In turn, the CSCN 22 
includes a Mobile SWitching Center (MSC) 32 that is 
coupled to a supporting IS-41 netWork 34, and provides 
traditional circuit-sWitched communication capabilities 
alloWing mobile stations 12 to communicate With users of 
the PSTN 16. Those skilled in the art should understand that 
details of netWork 10 may be varied Without affecting the 
present invention, and in at least some embodiments, the 
present invention may be practiced With or Without the 
combination of circuit-sWitched and packet-sWitched com 
munication capabilities in netWork 10. 

[0031] HoWever, a ?rst exemplary embodiment of the 
present invention relates more particularly to the service 
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capabilities associated With packet-sWitched Wireless com 
munication netWorks. Thus, in an exemplary embodiment, 
RAN 18 comprises a Base Station Controller (BSC) 40 and 
an associated Radio Base Station (RBS) 42 that are con?g 
ured to relay data (traf?c and signaling) betWeen the mobile 
stations 12 and the PSCN 20 and CSCN 22. More particu 
larly, operating under control of BSC 40, RBS 42 provides 
an air interface 44 that supports one or more forWard link 
transmit channels on Which data is conveyed to the mobile 
stations 12 and one or more reverse link receive channels on 
Which data is received from the mobile stations 12. In an 
exemplary embodiment, at least one of the forWard link 
channels supported by RBS 42 is a shared packet data 
channel 48 used to serve a plurality of data connections 
associated With a group 46 of mobile stations 12. RAN 18 
may further provide multiple independent forWard link 
channels 52, With each channel 52 serving as a dedicated 
link to individual ones in another group 50 of mobile stations 
12. 

[0032] Packet data channel 48 typically comprises a rela 
tively high capacity data channel that carries scheduled data 
transmissions for each one of the mobile stations 12 in group 
46. That is, RBS 42 schedules data transmission service in 
repeating time slots on packet data channel 48 such that each 
mobile station 12 in the group 46 is provided With data 
according to one or more service objectives. 

[0033] While the details of such service objectives are 
discussed later herein, one immediately recogniZes the pos 
sibility for “overloading” packet data channel 48. That is, 
packet data channel 48 may not have enough capacity to 
meet the service requirements of all mobile stations 12 in 
group 46 at any given instant in time. Such capacity short 
falls arise even Where the number of mobile stations 12 in 
the group 46 is limited With respect to the nominal capacity 
of packet data channel 48. In other Words, the ?uctuations in 
each mobile station’s individual data needs and in the radio 
conditions that constrain the ability to provide data to each 
mobile station 12 sharing channel 48 oftentimes result in 
temporary periods during Which the capacity of channel 48 
is insufficient to completely meet the needs of all mobile 
stations 12 in group 46. Thus, even With a static number of 
users in the group 46, the congestion level of channel 48 
varies over time. 

[0034] If the data congestion accompanying such capacity 
over-utiliZation is permitted to persist, the netWork 10 Will 
be unable to deliver data to each mobile station 12 at rates 
dictated by the application(s) associated With each mobile 
station’s data connection. Because the netWork 10 has ?nite 
data buffering capability, data over?oW Will occur for some 
or all of the data connections associated With the mobile 
stations 12 in the group 46. Such data over?oW may have 
signi?cant deleterious effects on the overall data throughput 
on channel 48 because many of the applications supported 
by data transmission on channel 48 are oftentimes “?oW 
controlled.” 

[0035] Typically, a higher-layer protocol operating Within 
netWork 10, such as the Transport Control Protocol (TCP) 
provides such ?oW control. Such ?oW control protocols 
generally impose some potentially signi?cant temporary 
reduction in the data transmit rate Whenever a certain level 
of data loss is observed on a How controlled data connection. 
Thus, by alloWing congestion of channel 48 to persist, 
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network 10 risks “congestion collapse” wherein the How 
control mechanisms supervising data transfer on the data 
connections supported by channel 48 Would impose signi? 
cant data rate reductions on some or even all of those data 

connections. When ?oW-control is triggered across a large 
number of the data connections in such circumstances, 
channel 48 becomes substantially under-utiliZed because of 
the potentially signi?cant temporary data rate reductions that 
are triggered. 

[0036] FIG. 2 illustrates novel congestion control in the 
context of the above-described congestion on packet data 
channel 48. RAN 18 supports a plurality of logical data 
connections 60 (C1, C2, . . . , CN) betWeen PSCN 20 and 
mobile stations 12 in the group 46 that are sharing service on 
packet data channel 48. In this exemplary embodiment, BSC 
40 comprises control/sWitching resources 62, a traf?c buffer 
64, and a RBS interface 66. RBS 42 comprises a radio 
processing resources 68, including a BSC interface, a traf?c 
buffer 70, transceiver resources 72, a service scheduler 74, 
and a congestion controller 76. 

[0037] In operation, data packets, such as IP packets are 
carried on each of the data connections for transmission to 
the various mobile stations 12 in the group 46 at scheduled 
service times on packet data channel 48. The IP packets 
incoming to the netWork 10 on the plurality of data connec 
tions 60 may be processed for radio transmission according 
to, for example, a Radio Link Protocol (RLP) that provides 
a data retry protocol appropriate for the radio links of air 
interface 44. Commonly, a single IP packet may span 
multiple RLP frames. Thus, incoming IP packets are pro 
cessed as RLP frames for radio transmission to respective 
ones of the mobile stations 12 in the group 46 based on a 
data packet transmission schedule imposed by scheduler 74. 
Because the data packets generally are not immediately 
transmitted, some type of data buffering is needed, With such 
buffering typically implemented using the data traf?c buffer 
70. Additional, complementary data buffering may also be 
implemented in BSC 40 using the additional traf?c buffer 
64. 

[0038] As may be seen in FIG. 2, data buffering is 
arranged such that each one of the connections 60 has its 
oWn data queue into Which the corresponding RLP frames 
are buffered for scheduled transmission on packet data 
channel 48. Such buffering is implemented at one or both the 
traf?c buffers 64 and 70. The extent to Which the available 
buffer space for each queue is occupied is generally termed 
the “buffer occupancy.” As the capacity limits of packet data 
channel 48 are approached, buffer occupancy rises. FIG. 2 
illustrates a given state of buffer occupancy for traf?c buffer 
70, and illustrates the queuing depth of each of the data 
connections 60 relative to minimum and maximum buffer 
occupancy levels. 

[0039] In an exemplary operation, the congestion control 
ler 76 monitors buffer occupancy or otherWise detects buffer 
occupancy levels as an indicator of congestion on packet 
data channel 48. Thus, congestion controller 76 enforces 
congestion control on packet data channel 48 as a function 
of detected buffer occupancy. The congestion controller 76 
reduces congestion by modifying operation of the service 
scheduler 74 to increase the effective capacity of packet data 
channel 48 responsive to detecting a rise in buffer occupancy 
above the minimum congestion threshold. 
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[0040] In more detail, congestion controller 76 increases 
the capacity of channel 48 by adjusting operation of service 
scheduler 74 such that it temporarily shifts its scheduling 
objective toWard providing maximum throughput schedul 
ing for the data traf?c being carried on data connections 60. 
With maximum throughput scheduling (Max C/I schedul 
ing), service scheduler 74 is biased aWay from serving those 
data connections associated With mobile stations 12 that are 
operating in relatively poor radio conditions. That is, maxi 
mum throughput scheduling favors mobile stations 12 in 
good radio conditions because they are capable of receiving 
data at relatively high data rates and thus represent a more 
ef?cient use of packet data channel 48. 

[0041] To better illustrate such operation, FIG. 3 depicts 
exemplary service objectives that may be used by service 
scheduler 74 during nominal or non-congested conditions 
for packet data channel 48. In this exemplary embodiment, 
service scheduler 74 schedules packet data transmissions to 
the mobile stations 12 in the group 46 such that it observes 
one or more QoS constraints associated With each of the data 
connections 60. 

[0042] In the illustration, the data connections 60 are 
associated With a targeted average data rate, Which repre 
sents the nominal average served data rate to be provided to 
each mobile station 12. Thus, service scheduler 74 schedules 
packet data transmission such that data throughput to each 
mobile station 12 on average matches the targeted rate. 

[0043] One may further note that the illustrated service 
objectives include user class differentiations, Where the 
scheduling preference of the individual mobile stations 12 
changes as a function of user class. As the average served 
rate for a given mobile station 12 falls beloW the targeted 
rate, its scheduling preference changes as a function of the 
associated user class. In the illustration, the priority at Which 
under-served “gold” class users are scheduled exceeds that 
of “silver” class users, Which, in turn, exceeds that of 
“bronze” class users. 

[0044] Such differences in scheduling preference are 
imposed by altering the slope of each user’s “utility” func 
tion as a function of user class designation. While not 
necessary for understanding the present invention, addi 
tional exemplary details regarding QoS-based scheduling 
may be obtained from the commonly assigned and copend 
ing US. patent application entitled “SYSTEM AND 
METHOD FOR WIRELESS NETWORK ADMISSION 
CONTROL BASED ON QUALITY OF SERVICE,” ?led 
on Oct. 25, 2002, and Which is incorporated by reference 
herein. Additional background details regarding user sched 
uling may be gleaned from the co-pending and commonly 
assigned US. patent application entitled “SYSTEM AND 
METHOD FOR USER SCHEDULING IN A COMMUNI 
CATION NETWORK,” ?led on Oct. 5, 2001 and assigned 
Ser. No. 09/972,793, and Which is incorporated by reference 
herein. 

[0045] FIG. 4 illustrates exemplary congestion control for 
the shared packet data channel 48. It should be understood 
that the exemplary ?oW logic is executed along With any 
other required processing activities at RBS 42. Processing 
begins With the congestion controller 76 monitoring/detect 
ing current levels of congestion (Step 100). As noted, such 
monitoring may involve the congestion controller detecting 
or otherWise measuring buffer occupancies at RBS 42 and at 
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BSC 40, if BSC 40 provides some or all of the required data 
traf?c buffering. Thus, in at least some embodiments RBS 42 
receives periodic buffer occupancy reports from BSC 40 that 
permit RBS 42 to remain apprised of packet data channel 
congestion even if RBS 42 does not perform the data traf?c 
buffering function. In any case, if congestion controller 76 
determines that congestion is beloW a de?ned minimum 
congestion threshold it continues its congestion monitoring 
operations (Step 102). 
[0046] HoWever, if detected congestion is above the mini 
mum threshold, congestion controller 76 adjusts service 
scheduler 74 to under-serve selected ones of the active data 
connections 60 that are supported by packet data channel 48. 
Under these circumstances, “selection” is an implied func 
tion rather than an explicit connection selection operation. 
That is, congestion controller 76 selects the data connections 
to be under-served based on biasing operation of service 
scheduler 74 toWard maximum throughput scheduling such 
that the data connections corresponding to mobile stations 
12 in poor radio conditions are naturally under-served. Thus, 
to some extent, congestion of packet data channel 48 is 
relieved simply by increasing the effective capacity of 
channel 48 through biasing service scheduler 74 toWard 
maximum throughput scheduling. 
[0047] HoWever, the total reduction in congestion may be 
ampli?ed by the behavior of any ?oW control mechanisms 
controlling data How on the under-served ones of data 
connections 60. By biasing service aWay from the selected 
connections, congestion controller 76 precipitates data 
buffer over?ows for the selected connections. Those over 
?oWs result in sustained data loss on the selected connec 
tions. In the presence of such data losses, the How control 
mechanisms governing data How on the selected connec 
tions typically Will impose signi?cant temporary data rate 
reductions on those connections experiencing data loss. 
Therefore, the congestion reduction effects gained by under 
serving selected data connections is ampli?ed by the con 
gestion controllers triggering of How control on the selected 
connections. 

[0048] By exploiting this behavior, congestion controller 
76 limits congestion-related data loss to the selected con 
nections rather than alloWing such data losses to ocurr across 
a potentially much larger subset of the data connection 60. 
In other Words, the congestion controller 76 forces conges 
tion-related data losses to occur on a much smaller subset of 
the active data connection 60, by biasing service aWay from 
the data connections associated With relatively poor service 
conditions. Congestion controller 76 thereby avoids the 
potential congestion collapse that might otherWise occur if 
?oW control mechanisms Were triggered across a greater 
number of the data connection 60. 

[0049] After adjusting the service scheduler’s bias, the 
congestion controller 76 preferably Waits some de?ned 
period of time, nT, before again assessing congestion (Step 
106), Where n is some number and T is time in seconds. After 
Waiting, the congestion controller 76 determines if conges 
tion is still above the minimum threshold (Step 108). If 
congestion has fallen beloW the minimum threshold, the 
congestion controller 76 resets the scheduler to its normal 
service objectives, Which here amounts to resetting sched 
uler 74 to operate as a QoS-based scheduler (Step 110). 

[0050] HoWever, if congestion levels remain above the 
minimum congestion threshold, congestion controller 76 

May 13, 2004 

determines Whether congestion levels are beloW a maximum 
congestion threshold (Step 112). If congestion is beloW the 
maximum threshold, congestion controller 76 repeats its 
adjustment of the service scheduler 74 (Step 104), Which 
may amount to proportionally increasing the maximum 
throughput bias of service scheduler 74. HoWever, if con 
gestion levels are above the maximum threshold, the con 
gestion controller 76 sets operation of service scheduler 74 
to pure maximum throughput scheduling. That is, conges 
tion controller 76 overrides the nominal service objectives of 
service scheduler 74 such that it is completely biased toWard 
maximum throughput scheduling. 

[0051] FIG. 5 depicts essentially the same arrangement as 
shoWn in FIG. 3, but With the focus of congestion control on 
managing the shared poWer resource Within transceiver 
resources 72 that is used by RBS 42 to transmit data on 
dedicated traffic channels assigned to individual mobile 
stations 12 in the group 50. Such channels may be, for 
example, the supplemental channels (SCH) used in 
cdma2000 to provide individual mobile stations 12 With 
their requested data services. Here, each one of the dedicated 
forWard link channels 52 (52-1, . . . , 52-N) is supported by 
a coded transmit signal that is dedicated to a corresponding 
one of the mobile stations 12, such that each one of the 
plurality of supported data connections 60 is generally 
carried on the assigned forWard link traf?c channel. 

[0052] Each of these transmit signals is allocated the 
required transmit poWer from a shared “pool” of available 
transmit poWer at RBS 42. The amount of poWer required for 
each of the transmit signals is a function of the radio 
conditions in Which the corresponding mobile station 12 
operates. Intuitively, one recogniZes that mobile stations 12 
in relatively poor radio conditions require higher transmit 
signal poWer from the RBS 42 to receive transmit signals at 
suf?cient signal strengths. 

[0053] Indeed, in most such Wireless communication net 
Works, mobile stations 12 provide poWer control feedback to 
netWork 10 such that transmit poWer is controlled to achieve 
the required signal quality at the receiving mobile stations 
12. As the poWer requirement for the plurality of transmit 
signals ?uctuates as a function of changing radio conditions, 
the aggregate poWer required for the plurality of transmit 
signals may rise to the point Where the maximum poWer 
available at the RBS 42 is exceeded. 

[0054] Such congestion of the shared poWer resource can 
have the same or similar deleterious effects as the packet 
data channel congestion described earlier. Thus, congestion 
controller 76 may be con?gured to control congestion on the 
shared poWer resource in addition to or as an alternative to 

controlling congestion on the shared packet data channel 48. 
Indeed, some netWork implementations may not provide 
shared packet data channels and operation of the congestion 
controller 76 may be limited to managing the shared poWer 
resource from Which transmit poWer is allocated for the 
dedicated forWard link traffic channels supported by RBS 
42. 

[0055] In that role, congestion controller 76 may detect 
overloading or congestion of the shared poWer resource 
much as it detects overloading of a shared packet data 
channel. That is, as the aggregate poWer requirement of the 
transmit signals corresponding to the data connections 60 
rises to and/or exceeds the total available poWer at RBS 42, 
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one expects to see a corresponding increase in buffer occu 
pancy levels as the incidence of data retransmissions 
increases on one or more of the data connections 60. 
Alternatively, the congestion controller 76 may simply 
monitor the allocated poWer or the reserve poWer available 
at RBS 42 to determine congestion of the shared poWer 
resource. FIG. 5 depicts both buffer occupancy and/or 
reserve poWer level monitoring. 

[0056] In managing the shared poWer resource, the con 
gestion controller 76 operates in much the same manner as 
before by intentionally under-serving selected ones of the 
data connections 60 to reduce congestion of the shared 
poWer resource. Here, selectively under-serving denotes the 
congestion controller 76 intentionally under-allocating 
poWer to selected ones of the data connections 60 corre 
sponding to mobile stations 12 operating in poor radio 
conditions. By allocating less than the requested transmit 
signal poWer levels to these selected connections, the con 
gestion controller 76 reduces the aggregate poWer demands 
(congestion). 
[0057] Further, demand reduction may be multiplied 
Where the under-served data connections are subject to How 
control. That is, by allocating less than the required poWer, 
the incidence of data loss on those connections generally 
increases and, beyond a certain point, the How control 
mechanisms governing data transfer on the selected connec 
tions Will temporarily impose potentially signi?cant data 
rate reductions With commensurate decreases in the transmit 
signal poWer requirements of those connections. 

[0058] FIG. 6 illustrates exemplary ?oW logic for con 
gestion management of the shared transmit poWer resource 
at RBS 42. One sees that the essential congestion manage 
ment is similar to that outlined in FIG. 4, thus the details 
presented here discuss only the operational differences. For 
example, at Step 120, congestion monitoring may use one or 
both buffer occupancy levels and reserve poWer to detect 
congestion of the shared transmit poWer resource at the RBS 
42. In response to detecting congestion of the shared poWer 
resource, congestion controller 76 under-serves selected 
ones of the data connections 60 by allocating less than the 
requested transmit signal poWers to those selected connec 
tions. 

[0059] In an exemplary embodiment, the congestion con 
troller 76 chooses the selected ones of the data connections 
60 based on, for example, comparing the relative allocations 
of poWer among the data connections 60. Thus, connections 
corresponding to mobile stations 12 in relatively poor radio 
conditions Will be allocated disproportionate shares of the 
total available poWer at RBS 42. The selected connections 
may therefore be those connections allocated more than a 
de?ned share of the available transmit poWer. 

[0060] If congestion falls beloW the minimum threshold 
(Step 128), measured either in buffer occupancy or reserve 
poWer, the congestion controller 76 once again permits the 
allocated transmit poWers for each of the connections 60 to 
return to the requested levels of transmit poWer. HoWever, if 
congestion remains above the minimum threshold, the con 
gestion controller 76 determines Whether congestion is 
above a maximum threshold (Step 132), again measured in 
either buffer occupancy or reserve poWer levels. If conges 
tion is beloW the maximum threshold, the congestion con 
troller 76 again adjusts connection poWer allocation, possi 
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bly by further reducing the poWer allocated to the selected 
connections. If, hoWever, congestion exceeds the maximum 
threshold, the congestion controller 76 may effectively 
“drop” the selected connections by reducing their corre 
sponding poWer allocations to Zero. 

[0061] FIG. 7 illustrates a similar but alternate exemplary 
approach to congestion management of a shared transmit 
poWer resource. Steps 140 and 142 correspond to Steps 120 
and 122 of FIG. 6, but in this alternate approach, congestion 
controller 76 identi?es the highest poWered one of the data 
connections 60 as the one connection to be under-served 
(Step 144), With the selected connection denoted as connec 
tion “G.” The allocated poWer for connection G (PG) is 
reduced until the reserve transmit poWer (PR) at RBS 42 is 
above a de?ned reserve poWer threshold value (PT), or until 
PG is at Zero (Step 146). If PG is reduced to Zero (Step 148), 
connection G is dropped (terminated) by netWork 10 (Step 
150). 
[0062] If the reserve poWer PR is still beloW the de?ned 
threshold PT (Step 152), the congestion controller 76 selects 
a “new” connection G by again identifying the highest 
poWered one of the remaining connections 60 (Step 144) and 
repeats the above steps. 

[0063] Thus, the inventive congestion controller 76 man 
ages congestion of shared resources, such as shared trans 
mitter resources and/or shared packet data channels, Within 
a Wireless communication netWork. Therefore, the conges 
tion controller 76 has broad applicability to a Wide range of 
Wireless netWork types and is not limited to the exemplary 
details discussed above. Indeed, the present invention is 
limited only by the scope of the folloWing claims, and the 
reasonable equivalents thereof. 

What is claimed is: 
1. Amethod of controlling resource overload in a Wireless 

communication netWork comprising: 

serving a plurality of ?oW-controlled data connections 
supported by a shared netWork resource; 

detecting congestion of the shared netWork resource; and 

under-serving selected ones of the data connections to 
intentionally trigger ?oW control on the selected data 
connections and thereby reduce congestion of the 
shared resource. 

2. The method of claim 1, Wherein serving a plurality of 
?oW-controlled data connections supported by a shared 
netWork resource comprises serving the plurality of data 
connections on a packet data channel shared by the plurality 
of data connections. 

3. The method of claim 2, Wherein serving the plurality of 
data connections on a packet data channel shared by the 
plurality of data connections comprises transmitting data to 
individual ones of the plurality of data connections in 
time-multiplexed fashion according to a service scheduler. 

4. The method of claim 3, Wherein detecting congestion of 
the shared netWork resource comprises detecting transmit 
buffer occupancies for the data to be transmitted to the 
plurality of data connections under control of the service 
scheduler. 

5. The method of claim 4, Wherein under-serving selected 
ones of the data connections comprises biasing the service 
scheduler toWard maximum throughput scheduling such that 
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the selected data connections are those data connections 
associated With relatively poor radio conditions. 

6. The method of claim 1, Wherein serving a plurality of 
?oW-controlled data connections supported by a shared 
netWork resource comprises serving the plurality of data 
connections on a shared packet data channel according to a 
Quality-of-Service (QoS) based scheduling algorithm. 

7. The method of claim 6, Wherein under-serving selected 
ones of the data connections comprises biasing the sched 
uling algorithm aWay from QoS-based scheduling and 
toWard maximum throughput-based scheduling, such that 
the selected ones of the data connections are those data 
connections associated With relatively poor radio conditions. 

8. The method of claim 7, Wherein biasing the scheduling 
algorithm aWay from QoS-based scheduling and toWard 
maXimum throughput-based scheduling comprises propor 
tionally biasing the scheduling algorithm toWard maXimum 
throughput-based scheduling as a function of detected levels 
of congestion. 

9. The method of claim 1, Wherein serving a plurality of 
?oW-controlled data connections supported by a shared 
netWork resource comprises transmitting ?oW-controlled 
data on a plurality of dedicated forWard link channels from 
a radio base station, Wherein a transmit poWer allocated to 
each forWard link channel consumes a portion of a shared 
total transmit poWer available at the radio base station. 

10. The method of claim 9, Wherein detecting congestion 
of the shared netWork resource comprises detecting overuse 
of the total transmit poWer based on detecting buffer occu 
pancies of one or more transmit buffers used to buffer the 
?oW-controlled data being transmitted on the forWard link 
channels. 

11. The method of claim 9, Wherein detecting congestion 
of the shared netWork resource comprises detecting overuse 
of the total transmit poWer based on monitoring available 
reserve transmit poWer at the radio base station. 

12. The method of claim 9, Wherein under-serving 
selected ones of the data connections comprises allocating 
less transmit poWer than is requested for the selected ones of 
the data connections, thereby causing loss of ?oW-controlled 
data on the selected connections and triggering flow control 
on the selected connections. 

13. The method of claim 9, further comprising selecting 
the data connections to be under-served based on the relative 
allocation of transmit poWer among the forWard link data 
channels, such that forWard link channels requiring rela 
tively high poWer allocations are selected. 

14. The method of claim 9, further comprising selecting 
the data connections to be under-served based on relative 
transmit buffer occupancy levels for the ?oW-controlled data 
being transmitted on individual ones of the forWard link 
channels, such that forWard link channels associated With 
relatively high buffer occupancy levels are selected. 

15. A method of controlling resource overload in a Wire 
less communication netWork comprising: 

serving a plurality of data connections supported by a 
shared packet data channel by transmitting data to 
individual ones of the data connections under control of 
a service scheduler; 

detecting congestion of the shared packet data channel; 
and 

reducing congestion of the shared packet data channel by 
under-serving selected ones of the data connections 
based on biasing the service scheduler toWard maXi 
mum throughput-based scheduling. 
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16. The method of claim 15, Wherein under-serving 
selected ones of the data connections based on biasing the 
service scheduler toWard maXimum throughput-based 
scheduling comprises modifying a scheduling algorithm to 
penaliZe data connections associated With poor radio con 
ditions. 

17. The method of claim 16, Wherein modifying a sched 
uling algorithm to penaliZe data connections associated With 
poor radio conditions comprises adjusting the scheduling 
algorithm so that a scheduling preference of each data 
connection is proportional to a requested data rate for the 
data connection. 

18. The method of claim 17, further comprising adjusting 
the proportionality of scheduling preference to requested 
data rate based on a detected level of congestion, such that 
greater levels of detected congestion result in greater bias 
toWard maXimum throughput scheduling. 

19. The method of claim 15, Wherein the service scheduler 
is a Quality-of-Service (QoS) based scheduler con?gured to 
schedule service for the plurality of data connections to meet 
one or more QoS constraints. 

20. The method of claim 19, Wherein biasing the service 
scheduler toWard maXimum throughput-based scheduling 
comprises biasing the service scheduler aWay from QoS 
based scheduling and toWard maXimum throughput-based 
scheduling in proportion to a detected level of congestion. 

21. The method of claim 19, further comprising operating 
the service scheduler as a Wholly QoS-based service sched 
uler if detected congestion is beloW a minimum congestion 
threshold. 

22. The method of claim 19, further comprising operating 
the service scheduler as a Wholly maXimum throughput 
based scheduler if detected congestion is above a maXimum 
congestion threshold. 

23. The method of claim 15, Wherein the plurality of data 
connections are ?oW-controlled data connections such that 
under-serving selected ones of the data connections inten 
tionally triggers data rate reductions imposed by higher 
layer flow control protocols on the under-served connec 
tions, thereby further reducing congestion of the shared 
packet data channel. 

24. A method of controlling resource overload in a Wire 
less communication netWork comprising: 

serving a plurality of data connections on a corresponding 
plurality of dedicated forWard link channel signals 
transmitted from a radio base station that allocates a 
portion of its available transmit poWer to each forWard 
link channel signal based on a requested transmit poWer 
level associated With each data connection; 

detecting overloading of the available transmit poWer; and 
reducing the overload by under-serving selected ones of 

the data connections based on allocating less than the 
requested poWer levels for the selected data connec 
tions. 

25. The method of claim 24, Wherein allocating less than 
the requested poWer levels for the selected data connections 
comprises allocating from Zero poWer up to a poWer level 
beloW the requested poWer level for each selected data 
connection. 

26. The method of claim 24, further comprising selecting 
data connections requiring relatively high allocations of 
transmit poWer as the selected data connections that are 
under-served. 

27. The method of claim 24, further comprising selecting 
data connections having relatively high transmit data buffer 
occupancy levels as the selected data connections that are 
under-served. 
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28. The method of claim 25, wherein the data connections 
are ?oW-controlled data connections, and Wherein under 
serving the selected data connections is intended to inten 
tionally trigger ?oW controls on the selected data connec 
tions such that overloading is substantially reduced. 

29. The method of claim 23, Wherein reducing the over 
load by under-serving selected ones of the data connections 
based on allocating less than the requested poWer levels for 
the selected data connections comprises: 

identifying a highest poWered one of the data connections; 

reducing allocated poWer for the identi?ed connection 
until a reserve poWer level eXceeds a de?ned poWer 
threshold or the allocated poWer for the identi?ed 
connection is reduced to Zero. 

30. The method of claim 29, further comprising dropping 
the identi?ed connection if the allocated poWer is reduced to 
Zero. 

31. The method of claim 29, further comprising identi 
fying a highest poWered one of the remaining data connec 
tions as a neXt identi?ed data connection and reducing 
allocated poWer for the neXt identi?ed data connection until 
the reserve poWer level eXceeds the de?ned poWer threshold. 

32. The method of claim 31, further comprising repeat 
edly reducing poWer allocations on successive neXt identi 
?ed data connections selected from the remaining ones of 
the data connections until the reserve poWer exceeds the 
de?ned poWer threshold. 

33. A radio base station for use in a Wireless communi 
cation netWork comprising 

one or more processing circuits to serve a plurality of data 
connections associated With mobile stations receiving 
data from the netWork; 

transmitter resources coupled to the one or more process 
ing circuits to generate one or more transmit signals for 
conveying the data from the netWork to the mobile 
stations; and 

a congestion controller to control congestion associated 
With serving the plurality of data connections by under 
serving selected ones of the data connections respon 
sive to detecting congestion. 

34. The radio base station of claim 33, Wherein the radio 
base station transmits data to individual ones of the mobile 
stations on a shared packet data channel supported by a 
transmit signal generated by the transmitter resources. 

35. The radio base station of claim 34, further comprising 
a service scheduler to schedule data transmissions for indi 
vidual ones of the mobile stations on the shared packet data 
channel. 

36. The radio base station of claim 35, Wherein the 
congestion controller controls congestion of the shared 
packet data channel by detecting buffer occupancy levels 
associated With one or more transmit data buffers of an 
associated base station controller, the one or more transmit 
data buffers being used to buffer data to be transmitted on the 
shared packet data channel. 

37. The radio base station of claim 36 Wherein the 
congestion controller detects buffer occupancies at the base 
station controller based on receiving buffer occupancy 
reports from the base station controller. 
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38. The radio base station of claim 36, Wherein the 
congestion controller controls congestion of the shared 
packet data channel by biasing operation of the service 
scheduler toWard maximum throughput based scheduling 
such that the selected ones of the data connections are those 
data connections associated With mobile stations having 
relatively poor radio conditions. 

39. The radio base station of claim 38, Wherein the 
congestion controller biases operation of the service sched 
uler toWard maXimum throughput based scheduling in pro 
portion to the buffer occupancy levels. 

40. The radio base station of claim 39, Wherein the 
congestion controller biases operation of the service sched 
uler proportionally if the buffer occupancy levels are above 
a ?rst threshold and beloW a second threshold. 

41. The radio base station of claim 40, Wherein the 
congestion controller does not bias operation of the service 
scheduler if the buffer occupancy levels are beloW the ?rst 
threshold. 

42. The radio base station of claim 40, Wherein the 
congestion controller completely biases operation of the 
service scheduler if the buffer occupancy levels are above 
the second threshold. 

43. The radio base station of claim 33, Wherein the radio 
base station serves the plurality of data connections by 
transmitting data for each data connection on a dedicated 
traffic channel supported by an associated transmit signal 
generated by the transmitter resources, and Wherein each 
transmit signal is allocated a portion of a shared total 
transmit poWer available at the radio base station. 

44. The radio base station of claim 43, Wherein the 
congestion controller manages congestion of the shared total 
transmit poWer. 

45. The radio base station of claim 44, Wherein the 
congestion controller under-serves selected ones of the 
plurality of data connections by allocating less than a 
requested poWer level to one or more ones of the plurality of 
data connections. 

46. The radio base station of claim 45, Wherein the 
congestion controller selects one or more of the plurality of 
data connections as the selected ones to be under-served 
based on the allocated portions of shared total transmit 
poWer. 

47. The radio base station of claim 45, Wherein the 
congestion controller: 

selects the data connection having a highest allocated 
portion of the shared total transmit poWer; and 

reduces allocated poWer to the selected data connection 
until a total allocated transmit poWer falls beloW a ?rst 
threshold or the allocated poWer for the selected data 
connection is reduced to Zero. 

48. The radio base station of claim 47, Wherein the 
congestion controller repeatedly selects one of the remaining 
data connections having a neXt-highest allocated poWer as 
the selected data connection and repeats the reduction of 
allocated poWer until the total allocated transmit poWer falls 
beloW the ?rst threshold. 


